A limiting factor in the biochemical quantitation of DNA and other nuclear constituents has been the inaccuracy of the enumeration of nuclei. The hemocytometer method has been accepted as a primary standard for counting nuclei and permits the use of morphologic detail as a means of control [S, 10, 17, 18, 21, 221 . However, predictable errors in the hemocytometer method resulting from the Poisson distribution of particles in a relatively small sample are well known to exist. In routine procedures an error of 6.5-9.9 per cent is expected to occur [14] . The hemocytometer method gives no quantitative information concerning nuclear size distribution. This paper describes and evaluates a method for counting and determining the size distribution of isolated diploid and tetraploid hepatic cell nuclei of the rat by means of an electronic particle counter. RNA and DNA values per nucleus are reported for diploid and tetraploid classes.
MATERIAL AND METHODS
Animals.-Four 7-month-old Spartan rats (Haslett, Michigan) weighing 500-525 g and one 12-month-old Sprague-Dawley rat weighing 315 g were used.
Nuclear isolation.-2.5 g portions of liver are homogenized in 9 vol. of 1 per cent ice-cold citric acid with a ball-type glass homogenizer (Kontes Glass, Vineland, New Jersey),' using 3 passes with the large clearance "A" pestle, followed by 3 passes with the "B" pestle. The nuclei are filtered through 4 layers of surgical gauze and centrifuged at 800 xg at O-4%. They are then washed 2 times with 4.5 vol. of cold 1 per cent citric acid by centrifugation at 800 xg and 2 times at 600 xg with 9 vol. of citric acid. The nuclear extracts are diluted to 5 ml with 1 per cent citric acid and suspended well with a glass stirring rod, then with a Disintegrator ( and aperture size of 100 p were found to be satisfactory for counting both fractions 2 and 4. Coincidence corrections provided by the manufacturer are applied to all counts. Blank counts are obtained on the diluent solution before each set of determinations and are subtracted from the total counts. The sintered glass filtration reduces counts to SO-700/0.5 ml.
In order to determine the lower threshold settings applicable to counting both diploid and tetraploid nuclei populations, a threshold curve was plotted. A count plateau ( Fig. 1) occurred consistently in the 6-12 range with a count fall-off of 2-3 per cent in this range. The curve is similar to that reported for erythrocytes and leucocytes. A mid-plateau threshold setting of 8 was chosen for all nuclei counts. The upper threshold setting for fraction 4 was 100, and for fraction 2 was 70.
Nucleic acid determinations.-To the nearly 21 ml of sample remaining after the Coulter and hemocytometer counts, an equal volume of IO per cent trichloroacetic acid is added and the nuclei are spun at 700 x g for 30 min at O-4%. The remainder of the DNA and RNA isolation procedure and ultraviolet spectrophotometric determinations are carried out as described previously for rat brain nuclei [18] . Only the single wave length (260 m,u) method for RNA was utilized.
Hemocytometer counts.-Undiluted portions of nuclei are counted in 5 separate 0.1 mm3 squares of a Spencer (bright line) hemocytometer, corrected to counts/ml, and recorded as one determination.
RESULTS
To validate the use of the Coulter Counter for enumeration of nuclei, visual counts were used as a control. Ten preparations of fraction 2 and nine of fraction 4 from five animals were counted electronically. These counts were compared with duplicate hemocytometer determinations. Table I lists the individual counts, the means, and the per cent differences between the hemocytometer and Coulter counts. The coefficient of correlation (r) was found to be 0.96. The internal reproducibility of the Coulter Counter was determined by recording ten separate counts of 2 samples. Eight separate counts of the same sample were made with the hemocytometer. The Coulter Counter gave a standard error ranging from f0.34 per cent to +0.69 per cent, while the hemocytometer had a standard error of +9.9 per cent. Doubling dilutions of the same sample had a standard error of + 1 per cent on the Coulter Counter.
To substantiate that the electronic particle counter accurately represented the diploid and tetraploid nuclei distribution in fractions 2 and 4, DNA determinations were performed. The DNA/nucleus in a pure diploid fraction and a pure tetraploid fraction on the basis of size distribution plots was calculated. In 10 samples of fraction 2, the percentage of diploid nuclei (Table II) Table 11 . Fig. 2 [19] , counting leukocytes [2, 161, platelets [20] , bacteria [ll, 121, and measuring agglutination reactions [9] . It has apparently not been previously used for counting or sizing nuclei. The electronic counter discriminates particle volume, counting only within a critical range by means of threshold gating. This characteristic provides a criterion of purity in counting nuclei. The continuous density gradient technique separates nuclei on the basis of size. It removes contaminating particulate matter and results in a highly purified nuclear fraction for counting. The results reported here for nuclei counts are comparable to those obtained in counting leukocytes and erythrocytes with the Coulter Counter [5, 161. The standard error of the hemocytometer method by which nuclei have been counted routinely, has been thoroughly evaluated in relation to leukocyte counting. Berkson [3] has calculated the field error due to Poisson distribution, chamber error, and pipetting error. Without considering dilution errors, and on the basis of 1 chamber and an average total count of 500 Fig. 2 excursion (y axis) for each threshold window of four units is proportional to the number of nuclei whose pulse heights fall within that window.
Two factors influence the interpretation of the size distribution graphs. When two particles pass through the aperture simultaneously, the resulting coincident pulses will vary from twice the height and slightly more than equal the width of a single pulse, to equal the height but twice the width of a single pulse. This will skew the distribution curve to the right but will not shift its peak. The second factor is the presence or absence of a normal distribution curve for diploid and tetraploid nuclei. Falzone [Sj isolated these two ploidy classes and established microscopically that each had a normal distribution curve in regard to mean diameter. The diploid population peaked at 5.0 ,u and the tetraploid nuclei at 8.0 ,u with only slight overlapping of their distribution curves. In the present study, these factors were examined by diluting a sample of nuclei over a four-fold range, and plotting the resultant distribution curves over one another (Fig. 3) . The calculated coincidence based on total instrument counts ranged from 5 to 18 per cent in these samples. role has yet been established. One comparison of possible functional significance between diploid and tetraploid nuclei is the RNA/ DXA ratio. In 7-month-old rats, this ratio is practically identical; whereas, in a 12-month-old rat, the tetraploid nuclei have a slightly higher ratio than the diploid (Table II) . Samis [17] recently confirmed that older rats have a lower amount of RNA in hepatic nuclei than do younger rats.
The technique described here appears readily applicable to the study of human neoplastic nuclei in which DNA and nuclear size are variables.
The degree of accuracy obtained with electronic counting may allow biochemical nuclear studies to yield information now obtainable only with microscopic karyotyping techniques. SUMMARY 1. A method of counting and sizing nuclei by an electronic particle counter is described and evaluated. 2. Nuclei are separated into diploid and tetraploid classes by continuous density gradient sedimentation and DNA and RNA values per nucleus are reported.
